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. ABSTRACT (U) 


Thirtesn alumimm alloy armor plates varying in thickness from 1/2 to 
1-3/4 inches were furnished by Frankford Arsenal for ballistic evaluatioa. 
Protection ballistic limits were obtained for a number of obliquity - 
thickness conditions with caliber .30 AP, ball, and fragment-simlating 
projectiles, and caliber .50 AP and bell projectiles. " 
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1. (U) IFRODUCTION 


Alumima: ermor is not new to Orduance. Specifications for alumimm of the 
2024 type have been in existence for approximately fifteen years. ‘There speci- 
fications are for plate of minimum weight whose pirpose is to defeat ad pro- 
tect against shell fragments and small-arms projectiles. Unfortunately the 
202k type aluminum does not lend itself to the construction of vehicles because 
of the velding difficulties encountered when conventional techniques are used. 
Therefore veldable types of aluminum (5063) which offer good protection against 
fragnents have been selected for the M113 full-tracked personnel carrier. This 
selection of aluminum over steel armor was to obtain air-transportability for 
this vehicle. 


Ballistic tests have been conducted at several arsenals and at this Proving 
Ground on aluminum alloy armor which is high in magnesium content. These alloys 
have been primarily types 5083 and £456. To supplement existing data Frankford 
Arsenal requested that ballistic limits be obtained on several thicknesses of 
type 5083 aluminum armor at four obliquities with several projectiles. The 
ballistic tests conducted on these plates are the subject of this report. 


2. (U) DESCRIPTION OF MATERIEL 


2.1 Material 


The thirteen aluminum alioy armor plates, type 5083, furniahed by 
Frankford Arsenal vere identified as given in Table I. : 


Table I. Aluminum Alloy Arwor Plates Furnished by Frankford Arsenal 


Actual] Thickness 


Nominal Thickness, Taken at APO, Size of Plate, 

Lot Number inches inches inches 
1986211 1/2 0.530 30 by 30 
008711 1/2 517 18 by 36 
008712 1/2 522 18 by 3% 
73h 88-2 i re 28 by 36 
ier eo 2 5 
56293-2 1 a 30 by 30 
86289-hC 1-1/2 1.50 18 vy % 

1-1/2 1.50 18 by 3% 
73-BTh-2 eH 1.77 Bees 
73-871. -3 1-3/h ‘a 1B vy % 
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2.2 Projectiles 
The projectiles used are listed below: 


Prejactile, Pragment-Simulabing, Caliber .30, weight 44 grains. 


hardness 29-31 Re. 
Projectile, Ball, 2, Caliber .30, weight 150 grains. 
Projectile, Ball, M2, Caliber .50, weight 703 grains. 
Projectile, AP, M2, Caliber .30, weight 164 grains. 
Projectile, AP, M2, Caliber .50, weight 710 grains. 


2.3 Rifles 
The rifles used are listed below: 
Rifle, Accuracy, Mann type, Caliber .30, No. 1402245. 
Rifle, Accuracy, Mann type, Caliber .30, No. 1512536. 


Rifle, Accuracy, .300 Magnum, Caliber .30, Ho. 44747. 
Rifle, Accuracy, Mann type, Caliber .50, No. 22. 


3. (CMH) DETAILS OF TE9T 


3.1 Procedure and Results 


The aluminum plates were gaged for thickness prior to firing. Each 
plate was mounted in a rigid plate butt for testing at the desired angle of 
obliquity. Attempts were made to obtain one ballistic limit (protection). for 


each of the conditions listed in Table II. 


Table II. Conditions for PBL 


Thickness of Plate, Obliquity of Fire, 

inches Projectile 8 
1/2 Cal .30 Ball 0 30 45 60 
1/2 Cal .30 AP, Me 0 30 45 60 
1/2 Cal .30 F.8. 0 - - - 
3/% Cal .30 Ball 0 30 45 «60 
3/% Cal -30 a, 4 baad = + 60 | 
3/e Cal .30 F.5S. 0 -+- + - 
3/4 Cal .50 Bali Se ce. : 
3/% Sel .50 AP, we - WM + = . 

1 Cal .30 Bali 0 3 && & 

1 Cal .30 AP, 2 0 373 &5 6 

1 Cal .50 AP, IR - - - & 


ee 
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Tatle II cont'd 


Thickness of Plate, Obliquity of Fire, 
inches — Projectile 
1-1/2 Cal .30 Ball 0 30 j-+- - 
1-1/2 Cal .30 AP, ie - 3 -+- = 
1-1/2 Cal .50 Ball ea a ae 
1-i/2 Cul .50 AP, M2 - 30 - 60 
1-3/4 Cal .30 Ball 0 - + -« 
1-3/4 Cal x ¢) AP, Me = 30 = sd 
1-3/h Cal .50 Ball e a ea 28 
1-3/4 Cal .50 AP, je - 3 - - 


F.8. = Fragment-Similating Projectile. 


“These conditions were to be dallistically evaluated only if limited firings 
revealed a significant difference between the ballistic limits obtained with 
Cal .50 Ball, 32 and Cal .50 AP, I projectiles. 


Vso ballistic limits (protection) were computed throughout the test by 
averaging the three lowest velocities resulting in complete penetration and 
the three highest velocities resulting in partial penetration with a velocity 
spread not exceeding 125 fps for all rounds used in the calculation. Where it 
was impossible to calculate a ballistic limit without exceeding the 125-fps 
spread the five lowest velocities resulting in complete penetration end the 
five highest velocities resulting in partial penetration were averaged to cal- 
culate the ballistic limit. No limit was placed on the velocity spread for 
this ten-round calculation. 


The firing procedures and methods for determining partial and complete 
penetrations under the protection criterion followed those outlined in Ori- 
nance Proof Manual pamphlets 50-30 and 50-10. For the different test condi- 
tions the gun-to-plate distances varied and werw recomied in the round-by- 
round date sheets. On all firings with the fragment-simlating projectiles 
this distance was limited to approximately 30 feet or less to prevent yaw end 
tumbling of this blunt-rosed projectile. 


The round-by-round tabulations of firing date may be found in Appendix 
C. A summery of the test results is given in Table ITI. 


ae 
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Table III. Summary of Test Results 


Ballistic Limit 
Thickiees, Obliquity, (Protection), 
Plate Bo. __inches _ Projectile —Segree__ 
Group I (2/2-inch) 
198211 0.530 Cal .%6 Bell, je 0 1564 
194211. 530 Cal .30 Ball, be 30 1903 
196211 530 . Cal .30 Ball, M2 45 2173 
008711 517 Cal .30 Ball, ie 60 2715 
008712 522 Cal .30 AP, Ie 0) ®1370 
008712 522 Cal .30 AP, Me 30 1k99 
008712 522 Cal .30 AP, M2 ks 1731 
008711 -517 Cal .30 AF, Me 60 let 82546 
008712 .522 Cal .30 AP, be 60 2nd #2788 
008712 .522 Cal .30 F.S. ) 2382 
Group II (3/4-inch) 
73" -881 (2) -768 Cal .30 Ball, Me 0 1711 
734-882 (2) - 768 Cal .30 Ball, Me 30 2292 
734-881 (2) 768 Cal .30 Ball, ie 45 2690 
123701 -79h Cal .30 Ball, M2 3595 EP 
734-881 (1) 76 Cal .30 AP, Me 3196 
183701 -794 Cal .30 F.S. fe) 3493 EP 
734-881 (1) - 766 Cal .50 Ball, M2 30 1301 
734-881 (1) - 766 Cal .50 AP, M2 30 1367 
Group III (1-in 
36293 &) 1.024 Cal .30 Ball, M2 f°) 2221 
36293 (1) 1.024 Cal .30 Hall, Me 30 2974 
36293 (1) 1.02 Cal .30 Ball, 45 Zoek 
Cal .30 Ball, Ie bd 

J6293 (1) 1.02h Cal .30 AP, Ie 0) 1995 

3 (1) 1.02% Cal .30 AP, I 30 2222 

1.024 Cal .30 AP, le ks 2754 

56293 2 1.02h Cal .30 AP, te 60 3468 EP 
36293 (2 1.02% Cel .50 AP, M2 3104 Br 
G Iv -1/2 
86289-ho 1.497 Cal .30 Ball, 2 0 3398 
H6288-hA 1.497 Cal .30 Ball, 2 30 3427 
6209~kC 1.497 Cal .30 AP, 30 2668 
36269-hc 1.497 Cal .'O Ball, © 30 19h2 
W6268-hA ped = a — 60 2866 HP 
§6209-hc , oh: AP, 1915 
H6268-hA 1.497 Cal .50 A?, Ie o 3116 
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Table III cont'd 


Ballistic Limit 


Thickness, Obliquity, (Protection), 
Plate Mo. inches Projectiie degree 
Group V_ (1-3/4 inch) 
734-871 {2 1.767 Cal .30 Ball, 6) 3485 HP 
734-871 (2 1.767 Cal .30 AP, ke 30 2334 
734-871 i: 1.767 Cal .50 Ball, Me 30 2103 
734-871 (2 1.767 Cal .50 AP, M2 30 1969 


“Ten-round ballistic limit. 
Prondition not fired ~ limit of gun reached on a thinner material. 


HP - Bo ballistic limit obtained. High partial penetration (protection) shown. 


Tvo ballistic limits were obtained on the 1/2-inch plates at 60° obligq- 
uity with the caliber .30, AP, M2 projectile. Twenty-eight rounds were fired 
on plate number 008711 and a ten-round limit was estimated to be 2546 fps with 
a 218-fps spread. Due to the large spread and number of rounds fired, a second 
limit was attempted on the same plate. Limited area prevented completion of 
another limit on plate 008711, therefore, a second plate, 008712, was used. 
The ballistic limit obtained on this plate was 2788 fps (ten-round) with a 217- 


fps spread. 


An attempt was made to obtain a ballistic limit for each projectile 
obliquity - thickness condition, although the maximum safety level of the gun 
limited this objective. In several instances the limit of the gun was reached 
before complete penetrations were obtained. In another instance where no com- 
plete penetrations were reached at one obliquity, attempts were not made to 
determine a ballistic limit at a higher obliquity with the same projectile. It 
should also be noted that on some of the firings near the maximm limit of «he 

the powler charge was not varied as required in the "up and dow” method 
lees OPM 50-30, par. 3.3.2.e), for a ballistic limit which is statistically 
correct (see Appendix B). This condition could not be prevented without aben- 
doning the test or exceeding the maximm safety level of the weapon. Since the 
velocities were spread over a 9l-fps range without a change in propelling 
charge it is suspected that the error is mall. 


Some of the data generated from the firings conteined in this report 
have been presented graphically in Figures 1 through 3. 


The test plan described earlier included semple firings with caliber 
-50 ball emmnition to determine if there would be any difference between these 
vbellistic limite and those taken with caliber .50 AP. Figure 1 indicates that 
tha curves for each projectile follow ome another very closely. This firing 
confirms earlier tests conducted at Frankford Arsenal. Due to the similarity 
shown in Figure 1 all] conditions with caliber .50 ball vere aot fired. 
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Comparison of Ballistic Limits Obtained on Aluminum (5083) Flate of Varying 


5 a 


Obliquity. 


Figure 1: 


Thicknesses at 


Figure 1 
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Pigure 2: Ballistic Performance of One-Half Inch Alumimum (5083) Plate Against Cal .30 AP, Ball, 


and Pragment-Stmalating Projectiles. 
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Figure 4: Ballistic Performance of Aluminum Plate (5083) and Steel (MIL-A 


Caliber .30 AP, M2 Projectiles. 
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Figure 4 presents the performance of the aluminum alloy type 5083 with 
respect to approximate weights of MIL-A-12560 steel (hardness 363-401 Bhn) and 
300 Bhn steel armor. The performance of the alumimm anmor exceeded that for 
the steel up to about 25° obliquity. Insufficient data beyond 45° obliquity 
prevented comparison at the high obliquities. It is realized that aluminum 
armor primarily is considered as desirable for protection against steel frag- 
ments, but the aliminum does give a superior performance to steel at the low 
obliquities against caliber .30 AP projectiles. 


3.2 Observations 


In the course of the test it appeared that the aluminum alloy plates 
used in this test were not homogeneous throughout. There were instances where 
complete penetrations were obtained on one area of a plate at a given velocity 
and partial penetrations were obtained on another area at the same or slightly 
higher velocity. This indicated the aluminum alloy plates might not be hom- 
geneous - 


4. (CMH) CONCLUSION 


It is concluded from the limited date obtained herein, that the aluminum 
alloy armor (type 5083) gave a superior performance to an equal weight of 
steel at obliquities up to 25° when attacked with caliber .30 AP projectiles. 


5. (CMH) RECOMMENDATION 


Although aluminum alloy armor (type 5083) is considered primarily for 
steel-fragment protection, ballistic data should be obtained on promising 
aluminum alloys with smAéil-arms projectiles. 
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Correspondence 


tire Kleppinger/mea/7120 
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SluJ "CTs Fallistic Tests of Aluminun Plates 


TQ; Commanding (General 
Aberdeen rroving Sround 
Maryland 
ATIns [+ PS, Pr. x. Cy Pl°se 


1. In accordance with the telephone conversation on 17 tarch 1959 
beturen r. we C. :less of Ard and :r. D. i. Kleppinrer of FA, a ship- 
ment of aluminum alloy plates will be made to AFG within the next week 
for ballistic testing. 


2. The shipment will include the following plates, each plate 
identifieble by a lot number: 


Number Size of Flate Lot Number 
1/2" Thickness 1 ea, 30" x 30" 198211 
1 ea. 18" x 3%" 006711 
1 ea, 18" x 36" 008712 
3/4" Thickness 1 ea. 30" x 30" 183702 
1 ea, 1B" x Ke 73y~GBl)lL 
1 ea, 18" x 36" TIUEB1)92 . 
1-1/2" Thickness 1 aa, 16" x 36" 1628502 
1 ea, 18" x 36" HO 23804 1 
1 ea. 16" x %* 1526) =e 
1-3/4" Thickness 1 ea. 18" x 36" 734<871<2 
1 ea, 18" x 26" 73487123 


3. It ia desired that APG person:ci test these plates to obtain 
ballistic limits under conditions of projectile attack as listed in the 
following tabulation; 


A-1 


Qe e520 


wt od CTs ilj}istie rests of Cle ina ole. cs 

BOG EU > Suliquity of Five 
aioe 1 ate Pile wood Vall JP) Bish USS OF 
Pade. 430. a te xy 30° “hs? Cy? 

i al. ei) 1 owe ri = - - 
3/hit “1ste PAle2s5o atl Ae Qh Re 20? 
Cala: GIO Ase a Ps eat 

C616. 630° 1-sh% > ~ a 

Cal. 0) ‘all it % + 

Cal. 00 41 i2 = 30" rs 

1e1/?"Tn ickness Cal. 039: all o® 3° - -s 

Cal. 230 Al 2 - 30° - = 
Bl. efO ina U2 ew 50 os 50° 

Cal. 050 Sell * % " # 

1-5f\" chickness Cal. 20 .all oe - - - 

Cal. .30 Av l? oe “86> ~= é 

Gale ebO ar & me SHI ee as 

Cal. 50 all it x rt 


le It will te noted that 49 tis taculatica, ririn-s of Cal. 240 
tall a-munition have been merked with a. asterisk. Jt is telleved fron 
past experience thut these projectiles will function essertially as A. 
ammunition av’ainst this tarrot matcrial. It is suvrpested th t "screenine" 
firinrs be sace at nivth and low oblicuity in an attenpt te verify this bee 
lief. If the ballistic livits of the wnt. 2.69 'all are not siraificantly 
different from th: Cal. o6O aA: .? in these scr -enin.s, iurther ftrin; of 
the Ca). 50 5aJl ig not warre ted, fie de gion of wheth r to continue 
firing of tre Cal, .50 ‘all ds left to your ex erience aud jud:ement. 


Se Jeats of leinch plate mentioned in the phone conversation will 
be mace vt @ latar date. Oneeinch plavo ou and at this arsenal is not 
repres*itative of the qualit. of plate w ich can be produced at thie time. 


6. It is understood thet funcs for project. T?-005 from 0 1.0 are 
available at Arf for thes: firings. 


7e In line with the decision reached at OFAC on March, firings of 
1-1/4 inch plate using 200n i .5. at 0° are in provress at this arsenal, 
These plates will be forwarded to Ar. in the next two weeks for confirnae 
tory firin:s. 
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FRANKFORD ARSENAL 
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IN REPLY 
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SUBJ ‘CT: Ballistic Yests of Alurinum Plates 


TO: Commanding Ceneral 
Aberdeen Proving Ground 
faryland 
ATTws Dc PS, Lr. we C. Pless 


le. Ina letter dated 19 March 1959, this arsenal requested APG to 
ballistically test a group of aluminum alloy plates. Paragraph 5 of that 
letter indicated that 1 inch plates would be tested at a later date be- 
cause representative quality plates were iot available at that time. 


2. Two plates 30° x 30" x 1" of Al-+‘g alloy representing material 
identified by lot number J6293 have been obtained for these tests, and 
will be shipped to your installation within the next week. 


3. It is requested that these plates be tested in accordance with 
the following firing schedule using available TB4-005 funding. 


Projectile Obliquity 

1" Plate Cal. .30 Ball 0° 30° 45° 60° 
Cal. 230 APLi2 0° 30° 4s? 60° 
Cal. .50 ABI2 a = = 60° 


~. 


he It is requested that fired plates be retained for possible me-~ 
chanical and metallurgical tests. 


FOx THE COMMANDER: 


HP. GEORGE 
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ROUND-BY-KOUND DATS. 
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FIRING RECORD NO. 


1 April 1999 
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FIRING RECORD NO. 
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